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XVHGLQFRPELQDWLRQZLWKDKHDWSXPSHJ>±@&RPSXWDWLRQDOPRGHOVIRUWKHSHUIRUPDQFHRIERWKKHDWSXPSV
DQG39V\VWHPVDUHXVHIXODVDEDVLVIRUWKHGHFLVLRQRQWKHGLPHQVLRQVRIERWKV\VWHPV
7KHHQHUJ\GHPDQGIRUKHDWLQJDKRXVHGHSHQGVRQ WKHDPELHQW WHPSHUDWXUH)RU WUDGLWLRQDOJDVRLORUFRDO
EDVHGKHDWLQJV\VWHPVLWLVFRPPRQWRPRGHOWKHKHDWLQJGHPDQGLQDOLQHDUPDQQHUDVDIXQFWLRQRIWKHRXWGRRUDQG
LQGRRUWHPSHUDWXUHVSURSRUWLRQDOWRWKHQXPEHURIGHJUHHGD\V7KHVHDUHEDVHGRQWKHLQWHJUDORIWKHGLIIHUHQFHVRI
LQGRRUDQGRXWGRRUWHPSHUDWXUHVRYHUWLPHDVORQJDVWKHLQGRRUWHPSHUDWXUHLVKLJKHUWKDQWKHRXWGRRUWHPSHUDWXUH
6XFK OLQHDU UHODWLRQV EHWZHHQ HQHUJ\ XVDJH DQG LQGRRU DQG RXWGRRU WHPSHUDWXUHVPDNH LW HDV\ WR DJJUHJDWH DQG
DYHUDJHWKHXVDJHRYHUWLPH)RUH[DPSOHWKHDYHUDJHHQHUJ\XVDJHRYHUVRPHWLPHSHULRGFDQEHGHWHUPLQHGRQ
WKHEDVLVRIDYHUDJHLQGRRUDQGRXWGRRUWHPSHUDWXUHVRYHUWKLVSHULRG
)RU DQ DLUWRZDWHU KHDW SXPS DV FRQVLGHUHG KHUH WKH HQHUJ\ XVDJH DOVR GHSHQGV RQ WKH HQHUJ\ GHPDQG DQG
WKURXJK WKDW RQ WKH LQGRRU DQG RXWGRRU WHPSHUDWXUHV VLPLODU WR WKH WUDGLWLRQDO FDVHV RI KHDWLQJ +RZHYHU DQ
LPSRUWDQW GLIIHUHQFH LV WKDW DOVR LWV HIILFLHQF\ RI KHDWLQJ H[SUHVVHG DV LWV 6HDVRQDO 3HUIRUPDQFH )DFWRU 63)
GHSHQGVRQDQXPEHURIG\QDPLFVLWXDWLRQDOIDFWRUVVXFKDVWKHRXWGRRUWHPSHUDWXUHKXPLGLW\DQGWKHIUHTXHQF\DW
ZKLFK WKH FRPSUHVVRU LVZRUNLQJ$PRQJ WKHVH WKH RXWGRRU WHPSHUDWXUH KDV WKHPRVW LPSRUWDQW HIIHFW RQ 63)
7KHUHIRUH LQ WKH RYHUDOO UHODWLRQ EHWZHHQ HQHUJ\ XVDJH DQG WHPSHUDWXUHV WKHVH WHPSHUDWXUHV KDYH D GRXEOH
QRQOLQHDUHIIHFWRQHQHUJ\XVDJHRQWKHRQHKDQGWKURXJKWKHHQHUJ\GHPDQGH[SUHVVHGYLDGHJUHHGD\VDQGRQWKH
RWKHUKDQGWKURXJKWKHSHUIRUPDQFHIDFWRU$VDFRQVHTXHQFHWDNLQJDYHUDJHVRYHUORQJHUWLPHSHULRGVFDQQRWEH
XVHGDVWKH\GRQRWSURYLGHDGHTXDWHHVWLPDWLRQV)RUHYHU\RFFXUUHQFHRIDQDPELHQWWHPSHUDWXUHWKHHQHUJ\XVDJH
KDVWREHFDOFXODWHGVHSDUDWHO\IRUH[DPSOHE\VLPXODWLRQVSHUKRXURUSHUGD\
,Q WKLV SDSHU VL[ GLIIHUHQW YDULDQWV RI FRPSXWDWLRQDO PRGHOV IRU DLU VRXUFH KHDW SXPS SHUIRUPDQFH DUH
FRQVLGHUHG(DFKRIWKHVHPRGHOVKDVDQXPEHURISDUDPHWHUVWKDWKDYHWREHHVWLPDWHGIRUDJLYHQVLWXDWLRQ$GDWD
VHWZDVREWDLQHGIURPWKH:HEVLWHZZZOLYHKHDWSXPSQO8VLQJVLPXODWLRQRYHUKRXUVDQGDSDUDPHWHUHVWLPDWLRQ
DSSURDFKWRWXQHWKHYDOXHVIRUWKHSDUDPHWHUVWKHPRVWRSWLPDOYDOXHVRILWVSDUDPHWHUVZHUHGHWHUPLQHGIRUHDFK
RIWKHPRGHOV$VHUURUIXQFWLRQWKHVTXDUHURRWRIWKHDYHUDJHRIWKHVTXDUHVRIWKHGHYLDWLRQVIRUDOOWLPHSRLQWV
ZDVXVHG7KHUHPDLQLQJHUURUDIWHUWKLVSDUDPHWHUWXQLQJZDVXVHGDVDFRPSDULVRQPHDVXUHIRUWKHPRGHOV
,QWKHSDSHUILUVWLQ6HFWLRQVRPHEDFNJURXQGWKHRU\RQKHDWSXPSVLVSUHVHQWHG6HFWLRQGHVFULEHVWKHXVHG
GDWDVHW ,Q6HFWLRQ WKH FRPSXWDWLRQDOPRGHOV DUHSUHVHQWHG1H[W LQ6HFWLRQ LW LV VKRZQKRZSDUDPHWHUV RI
PRGHOVKDYHEHHQHVWLPDWHGEDVHGRQQXPHULFDOWHFKQLTXHVDQGHPSLULFDOGDWD7KLVSURYLGHVZHOOWXQHGPRGHOVRI
WKHSHUIRUPDQFHRIWKHKHDWSXPSLQWKHJLYHQKRXVH,Q6HFWLRQWKHUHVXOWVDUHFRPSDUHG6HFWLRQLQFOXGHVD
GLVFXVVLRQDQGIXWXUHGLUHFWLRQV7KHODVWVHFWLRQSURYLGHVFRQFOXVLRQ
%DFNJURXQG
2.1. Heating by Renewable Energy: Heat Pumps 
,QFROGHUDUHDVDVXEVWDQWLDODPRXQWRIGRPHVWLFHQHUJ\XVDJHGXULQJWKHZLQWHUVHDVRQLVVSHQWRQVSDFHKHDWLQJRI
WKHKRXVHHJ>@7UDGLWLRQDOKHDWLQJV\VWHPVDUHXVXDOO\EDVHGRQQRQUHQHZDEOHUHVRXUFHVVXFKDVJDVRLODQGFRDO
ZKLFKDUHQRWVXVWDLQDEOHDVRQO\OLPLWHGDPRXQWVRIWKHPDUHDYDLODEOH%HVLGHVWKH\KDYHVHULRXVQHJDWLYHHIIHFWVRQ
WKHHQYLURQPHQWDQGFOLPDWH7KHUHIRUHDOWHUQDWLYHGRPHVWLFKHDWLQJV\VWHPVJHWPXFKDWWHQWLRQQRZDGD\VVXFKDVWKH
XVHRIDKHDWSXPSHJ>±@$KHDWSXPSWDNHVWKHUPDOHQHUJ\IURPWKHHQYLURQPHQWIURPDLUZDWHURUVRLODQG
XVHVWKLVWRKHDWWKHZDWHURIDFHQWUDOKHDWLQJV\VWHPLQWKHKRXVH7RGRWKLVLWXVHVDQDPRXQWRIHOHFWULFDOHQHUJ\WR
UXQWKHKHDWSXPSZKLFKLVRQO\DIUDFWLRQRIWKHSURYLGHGKHDWLQJHQHUJ\6LQFHVXUIDFHZDWHUOLNHDODNHRUDULYHULV
QRWDYDLODEOHHYHU\ZKHUHDQGLQVWDOOLQJJURXQGVRXUFHKHDWSXPSVQHHGVDELJLQYHVWPHQWPDQ\GRPHVWLFKHDWSXPSV
KDUYHVWWKHLUHQHUJ\IURPWKHDLUDLUVRXUFHRUDLUWRZDWHUKHDWSXPS7KLVLVWKHW\SHRIKHDWSXPSFRQVLGHUHGLQWKLV
SDSHU$QLPSRUWDQWLVVXHKHUHLVWKDWRQWKHFROGHVWGD\VZKHQKHDWLQJQHHGVPRVWHQHUJ\WKHDLUWHPSHUDWXUHLVORZ
DQGGXHWRWKDWDQDLUWRZDWHUKHDWSXPSEHFRPHVOHVVHIILFLHQWLQXVH
7KHSHUIRUPDQFHRI DKHDW SXPS LV GHVFULEHGE\ WKH VHDVRQDOSHUIRUPDQFH IDFWRU 63)ZKLFK LQGLFDWHVKRZ
PXFKHOHFWULFDOHQHUJ\LQN:KLVQHHGHGWRUXQWKHKHDWSXPSDVLQSXWWRJHWDFHUWDLQDPRXQWRIKHDWLQJHQHUJ\
DVRXWSXWIRUWKHKHDWSXPSRYHUDFHUWDLQWLPHSHULRGRUDVHDVRQHJ>@ 
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7KLVSHUIRUPDQFHIDFWRUPRVWO\YDULHVEHWZHHQDQGHJIRURXWGRRUWHPSHUDWXUHVEHWZHHQ&DQG&
HJ>@2IWHQLWLVEHWZHHQDQGHJIRUDPELHQWWHPSHUDWXUHVEHWZHHQ&DQG&,WVWURQJO\GHSHQGVRQ
WKH RXWGRRU WHPSHUDWXUH DQG LQ SDUWLFXODU RQ WKH GLIIHUHQFH EHWZHHQ WKH RXWGRRU WHPSHUDWXUH DQG WKH ZDWHU
WHPSHUDWXUHRIWKHKHDWLQJV\VWHP0DQXIDFWXUHUVRIWHQRQO\JLYHLQGLFDWLRQVRIWKHVHSHUIRUPDQFHIDFWRUVIRUMXVWD
IHZZDWHUDQGRXWGRRU WHPSHUDWXUHV)RUH[DPSOH WKHYDOXHRI63)IRURXWGRRUZDWHU WHPSHUDWXUHVRU
6XFK YDOXHV IRU 63) DUH XVXDOO\ EDVHG RQ WKHRUHWLFDO DQDO\VHV RU ODE H[SHULPHQWV +RZHYHU VXFK WKHRUHWLFDO
DQDO\VHVDUHRIWHQQRWJXDUDQWHHGWRSURYLGHYDOXHVWKDWRFFXULQUHDOLVWLFVLWXDWLRQV
2.2. Effects of humidity on performance 
7KHSHUIRUPDQFHRIKHDW SXPSV LV DIIHFWHGQRWRQO\ E\ WKH RXWGRRU DLU WHPSHUDWXUH EXW E\KXPLGLW\ DVZHOO
+RZHYHULWKDVGLIIHUHQWHIIHFWVLQGLIIHUHQWFRQGLWLRQV
%\FRROLQJ WKHDLU WKHKHDWSXPSZLOOH[WUDFWKHDW&RROLQJUHTXLUHV WKHFRLO WHPSHUDWXUH WREH ORZHU WKDQ WKH
DPELHQWDLUWHPSHUDWXUH:KHQWKHDLUWHPSHUDWXUHLVORZHUWKDQ&WKHFRLOFDQVWDUWIUHH]LQJDQGDVDUHVXOWLFH
ZLOODFFXPXODWH7KHGU\HUWKHDLUOHVVLFHDFFXPXODWHVDWKXPLGLW\IRJDQG&DLUWHPSHUDWXUHWKHLFH
DFFXPXODWLRQZLOOEHKLJK$W & WKHDLU LVPXFKGU\HU VR WKHQDOPRVWQR LFHZLOO DFFXPXODWH:KHQ WKHDLU
PRLVWXUH FRQWHQW LV KLJK DQG WHPSHUDWXUH LV ORZHU WKDQ  & IURVW IRUPDWLRQ RQ WKH VXUIDFH RI WKH DLUVLGH KHDW
H[FKDQJHUPD\RFFXU+RZHYHUZKHQWKHWHPSHUDWXUHLVORZHUWKDQXVXDOO\WKHKXPLGLW\RIDPELHQWDLULVORZ
DQG WKLV SKHQRPHQRQ GRHV QRW WDNH SODFH 'XH WR IURVW IRUPDWLRQ WKH KHDW SXPS SHUIRUPDQFH FDQ EH UHGXFHG
VLJQLILFDQWO\ >@ 7KHUHIRUH WKH IURVW QHHGV WR EH UHPRYHG SHULRGLFDOO\ WR LPSURYH WKH HIILFLHQF\ RI RSHUDWLRQ
'HIURVWF\FOHVDUHW\SLFDOIRUDLUVRXUFHGKHDWSXPSVWKH\DUHIXOO\DXWRPDWHGDQGZLOOUHPRYHWKHLFHE\LQYHUWLQJ
WKH WKHUPRG\QDPLFSURFHVV WKHKHDWSXPSZLOO JR LQ FRROLQJPRGH%\GRLQJ WKLV WKHRXWGRRU FRLOZLOO EHFRPH
ZDUPDQGWKHLFHZLOOPHOW7KHUHTXLUHGKHDWLVH[WUDFWHGIURPWKHLQGRRUV\VWHPLQPDQ\FDVHVWKHLQGRRUXQLWZLOO
XVHDQHOHFWULFKHDWHUWRVXSSO\HQRXJKKHDW+RZHYHUWKHXQLWVIRFXVHGLQWKLVSDSHUXVHWKHKHDWLQWKHLUEXLOWLQ
VPDOOZDWHUWDQNWRGHIURVWWKHRXWGRRUXQLWLQWKLVZD\WKHQHJDWLYHHIIHFWRIGHIURVWLQJRQHQHUJ\FRQVXPSWLRQLV
UHGXFHGGUDPDWLFDOO\+RZHYHUGXULQJGHIURVWLQJF\FOHVWKHKHDWSXPSVKRXOGXVHHOHFWULFLW\MXVWWRUHPRYHWKHLFH
DQGQRWSURGXFHKHDWLQJHQHUJ\VRWKHSHUIRUPDQFHRIKHDWSXPSGXULQJWKDWLQWHUYDOGURSVVLJQLILFDQWO\
,QFRQWUDVWIRUWKHKLJKHUWHPSHUDWXUHVWKHKLJKHUWKHKXPLGLW\FRQWHQWLQWKHDLUWKHPRUHKHDWHQHUJ\DYDLODEOH
LQWKHDPELHQWDLU,QWKHVHFDVHVLWLVHDVLHUWRH[WUDFWPRUHKHDWIURPWKHDPELHQWDLUVRWKHSHUIRUPDQFHRIKHDW
SXPS LV KLJKHU LQ WKH PRUH KXPLG VLWXDWLRQ ZLWK WKH VDPH WHPSHUDWXUH +RZHYHU WKLV LV VRPHWKLQJ WKDW MXVW
KDSSHQVLQKLJKHUWHPSHUDWXUHV
'DWDVHW
(LJKWGLIIHUHQWVHWVRIUHDOZRUOGGDWDKDYHEHHQXVHGWRWXQHWKHSDUDPHWHUVRIWKHFRQVLGHUHGPRGHOV
7DEOH2YHUYLHZRIXVHGGDWDVHW
/RFDWLRQ &RXQWU\ )URP 7R RI6DPSOHV 0LQLPXP7RXW 0D[LPXP7RXW 
%UHFKW %HOJLXP 0D\ 1RY   
,QWKLVORFDWLRQDKHDWSXPSLVXVHG
LQDVZLPPLQJSRROQRWRSHQGXULQJ
ZLQWHU
'LNNHEXV %HOJLXP 6HS 1RY     
.RROVNDPS %HOJLXP 6HS 1RY     
/DDU %HOJLXP 1RY 1RY     
/HPEEHHN %HOJLXP 2FW 1RY     
0RUPRQW %HOJLXP 6HS 1RY     
6FKLHUPRQQLNRRJ 1HWKHUODQGV 6HS 1RY    7KLVKRXVHLVORFDWHGRQDQLVODQGZLWKZHDWKHURIKLJKKXPLGLW\
:LMQHJHP %HOJLXP 2FW 1RY   
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7KH HPSLULFDO GDWD IRU KRXUO\ SHUIRUPDQFH FKDUDFWHULVWLFV DQGRXWGRRU WHPSHUDWXUH RI KRXVHV FDQEH IRXQG DW
ZZZOLYHKHDWSXPSQO7DEOHFRQWDLQVVRPHJHQHUDOLQIRUPDWLRQDERXWWKHFKDUDFWHULVWLFVRIGDWDVHWRIHDFKKRXVH
DQG)LJYLVXDOL]HVWKHDYDLODEOHGDWHIRUHDFKORFDWLRQLQVHSDUDWHGJUDSKV


)LJ+RXUO\YDOXHRI63)IRUGLIIHUHQWORFDWLRQV%OXHSRLQWVVKRZWKH63)WHPSHUDWXUHLQRQHKRXU%ODFNSRLQWVVKRZWKHDYHUDJHRI63)V
IRUDVPDOOLQWHUYDORIWHPSHUDWXUH
,Q)LJHDFKEOXHSRLQWVKRZVWKHRXWGRRUWHPSHUDWXUHYVUHVXOWHGSHUIRUPDQFHRIWKHKHDWSXPSIRUDQKRXU
7KHHIIHFWRIWKHGHIURVWLQJF\FOHVHH6HFWLRQLVYLVLEOHLQ)LJHVSHFLDOO\LQWKHJUDSKRIORFDWLRQ6&+,
ORFDWLRQZLWKKLJKKXPLGLW\,QWKLVJUDSKWKHUHDUHGURSVRI63)LQPDQ\FDVHVZLWKWHPSHUDWXUHVLQWKHUDQJHRI
,QDGGLWLRQLWFDQEHVHHQLQPRVWFDVHVWKHJUDSKLVWKLFNHURQWKHKLJKHUWHPSHUDWXUHV7KHUHDVRQLVWKDW
LQWKHKLJKHUWHPSHUDWXUHKLJKHUKXPLGLW\OHDGVWRKLJKHU63)SOHDVHVHHVHFWLRQ+RZHYHU WKHKXPLGLW\LQ
KRWGD\VKDVDELJYDULDQFHZKLFKOHDGVWRDODUJHYDULDQFHDOVRIRU63)
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'LIIHUHQW0RGHOVIRU3HUIRUPDQFH
7RPRGHOWKHHOHFWULFLW\XVDJHRIDKHDWSXPSLQDOOGLIIHUHQWFLUFXPVWDQFHVLQD\HDUZLWKDOO LWVYDULDWLRQVLQ
RXWGRRU WHPSHUDWXUH LW LV QHHGHG WR KDYH D PRUH V\VWHPDWLF HVWLPDWLRQ RI 63) LQ D UHDOLVWLF FRQWH[W $Q H[WUD
FRPSOLFDWLRQ LV WKDW LQ PRVW FDVHV WKH ZDWHU WHPSHUDWXUH XVHG IRU VSDFH KHDWLQJ LV DOVR YDULDEOH GHSHQGLQJ RQ
FLUFXPVWDQFHVE\XVLQJDG\QDPLFVHWSRLQWIRUWKHZDWHUWHPSHUDWXUHZKLFKLVKLJKHUZKHQWKHRXWGRRUWHPSHUDWXUH
LV ORZHURUZKHQ WKH LQGRRU WHPSHUDWXUH VHW E\ WKH WKHUPRVWDW LV KLJKHU2IWHQ VXFKYDOXHV IRU WKH VSDFHKHDWLQJ
ZDWHUWHPSHUDWXUHDUHGLIILFXOWWRSUHGLFW
$QDSSURDFKWKDWFDQEHIROORZHGLVWRWDNHHPSLULFDOGDWDIURPUHDOLVWLFGRPHVWLFFRQWH[WVUHDOIDPLO\KRXVHV
DVDSRLQWRIGHSDUWXUHDQGPDNHDQDSSUR[LPDWLRQRI63)DVDPDWKHPDWLFDOIXQFWLRQRIWKHRXWGRRUWHPSHUDWXUH
7KH SDUDPHWHUV RI VXFK DSSUR[LPDWLRQV FDQ EH HVWLPDWHG IURP D UHDO ZRUOG HPSLULFDO GDWD VHW VXFK DV WKH RQH
H[SODLQHGLQ6HFWLRQ
,QWKLVSDSHUVL[GLIIHUHQWW\SHVRIIXQFWLRQVDUHHYDOXDWHGDQGFRPSDUHGIRXUSRO\QRPLDOIXQFWLRQVDIXQFWLRQ
LQVSLUHGIURPLGHDOSHUIRUPDQFHDQGDOVRDQH[SRQHQWLDOIXQFWLRQ
4.1. Polynomial 
,QVRPHDUWLFOHVIRUWKHVDNHRIVLPSOLFLW\LWLVDVVXPHGWKDWSHUIRUPDQFHRIDKHDWSXPSOLQHDUO\GHSHQGVRQWKH
RXWGRRUWHPSHUDWXUH)RULQVWDQFHLQ>@LWLVDVVXPHGDVDUXOHRIWKXPEWKDWE\DRQHGHJUHHLQFUHDVHLQRXWGRRU
WHPSHUDWXUHWKHSHUIRUPDQFHRIDKHDWSXPSZLOOGHFUHDVHIRU7KHJHQHUDOIRUPDWRIVXFKDOLQHDUIXQFWLRQLV
odBTASPF     
+RZHYHUWRJHWDPRUHSUHFLVHDSSUR[LPDWLRQLQVRPHFDVHVOLNH>@DTXDGUDWLFIXQFWLRQLVXVHG,QWKLVFDVH
WKHVHFRQGRUGHUGHULYDWLYHRIWKHSHUIRUPDQFHUHODWLYHWRRXWGRRUWHPSHUDWXUHSOD\VDQLPSRUWDQWUROH7KLVKDVWKH
IROORZLQJIRUPDW

odod CTBTASPF    
,QWKLVSDSHUWKHFXELFDQGIRUWKGHJUHHSRO\QRPLDOIXQFWLRQVDUHLQYHVWLJDWHGDVZHOOWRILQGRXWWKHDGYDQWDJHV
DQGGLVDGYDQWDJHVRIPRGHOLQJWKHSHUIRUPDQFHZLWKDKLJKHUGHJUHHSRO\QRPLDOIXQFWLRQV

ododod DTCTBTASPF     

odododod ETDTCTBTASPF     
4.2. Inspired from Ideal Performance  
$KHDWSXPSLVVXEMHFWWRWKHOLPLWDWLRQVIURPWKHVHFRQGODZRIWKHUPRG\QDPLFVDVDQ\RWKHUKHDWHQJLQHDQG
WKHUHIRUHDQLGHDOPD[LPXPHIILFLHQF\FDQEHFDOFXODWHGIURPWKH&DUQRWF\FOH7KLVSURYLGHVWKHIXQFWLRQ
odw
w
TT
TSPF

    
+HUH7ZLQGLFDWHVWKHWHPSHUDWXUHRIWKHZDWHUXVHGLQWKHKHDWLQJV\VWHPLQWKHKRXVH3OHDVHQRWHWKDWLQWKLV
IRUPXODWKHWHPSHUDWXUHVVKRXOGEHLQYDOXHVRI.HOYLQ>.@ >&@
2IFRXUVHVXFKDWKHRUHWLFDOO\PD[LPDOSHUIRUPDQFHIDFWRULVQRWUHDOLVWLFLQSUDFWLFHPXOWLSO\LQJLWE\DIDFWRU
PDNHVLWPRUHUHDOLVWLF>@,WLVDVVXPHGKHUHWKDWDPRUHUHDOLVWLFIXQFWLRQFDQEHREWDLQHGDVDOLQHDUIXQFWLRQRI
WKHLGHDOFXUYH7KXVWKHUDWLRQDOIXQFWLRQW\SHFRQVLGHUHGKHUHLV
odTC
CBASPF

    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4.3. Exponential Model 
,Q>@LWLVVXJJHVWHGWKDWDQH[SRQHQWLDOIXQFWLRQFDQEHXVHGWRPRGHOWKHSHUIRUPDQFHRIKHDWSXPS6RWKH
QH[WLQYHVWLJDWHGPRGHOLVDQH[SRQHQWLDORQH
odcTBeASPF     
7XQLQJWKH0RGHOVWR(PSLULFDO'DWD
7KLVVHFWLRQH[SODLQVKRZWKHSDUDPHWHUVRIPRGHOVKDYHEHHQHVWLPDWHGIRUDJLYHQVLWXDWLRQ
5.1. Sampling 
$VLWLVFOHDULQJUDSKVRI)LJIRUHDFKORFDWLRQWKHUHDUHMXVWIHZFDVHVZLWKDYHU\ORZWHPSHUDWXUHEXWWKHUH
DUHPDQ\KRXUVZLWKKLJKHUWHPSHUDWXUHVDQGWKH\GRQRWKDYHDXQLIRUPGLVWULEXWLRQ$VDUHVXOWLIDOOSRLQWVIURP
WKHGDWDDUHXVHGWKHSDUDPHWHUWXQLQJLVPRUHDFFXUDWHIRUWKHWHPSHUDWXUHVZLWKPRUHSRLQWV+RZHYHUEHFDXVHRI
KLJKDPRXQWRIXVDJHLQFROGKRXUVWKH\DUHQRQQHJOLJLEOHSRLQWV
7RVROYHWKLVSUREOHPWKHUDQJHRIWHPSHUDWXUHVKDVEHHQSDUWLWLRQHGLQWRLQWHUYDOVRI&WKHDYHUDJH63)
LVFDOFXODWHGIRUHDFKLQWHUYDOWKHDYHUDJHSRLQWVIRUWKHLQWHUYDOVDUHGHSLFWHGLQEODFNFLUFOHVLQ)LJ)LQDOO\WKH
SDUDPHWHUWXQLQJSURFHVVLVEDVHGRQWKHVHDYHUDJHV,QWKLVZD\WKHPRGHOVDUHILWWHGWRDXQLIRUPGLVWULEXWLRQRI
SRLQWVDQGDOOSRVVLEOHWHPSHUDWXUHVKDYHWKHVDPHLQIOXHQFH
5.2. Determining the parameter values 
7RWXQHWKHSDUDPHWHUVRIWKHPRGHOVLQUHDOLVWLFUDQJHVVRPHOLPLWDWLRQVZHUHVHWRQSDUDPHWHUVRIPRGHOV

/LQHDU $! %!
4XDGUDWLF $! %!
5DWLRQDO &! &
([SRQHQWLDO $%! $%

6HH6HFWLRQIRUWKHPHDQLQJRIWKHVHSDUDPHWHUV)RUH[DPSOHWKHOLPLWDWLRQVIRU&DUHSUHVHQWEHFDXVHLWUHIHUV
WRZDWHUWHPSHUDWXUHZKLFKVKRXOGDOZD\VEHVXEVWDQWLDOO\KLJKHUWKDQWKHLQGRRUWHPSHUDWXUH)RUHDFKPRGHOWKH
7UXVW5HJLRQ$OJRULWKPIURP>@ZDVXVHGWRPLQLPL]HWKHVXPRIVTXDUHHUURU665EHWZHHQWKHPRGHODQGUHDO
GDWDSRLQWVRIHDFKKRXVH7RJHWULGRIWKHORFDORSWLPXPSRLQWVWKLVSURFHVVZDVFRQGXFWHGVHYHUDOWLPHVIRUHDFK
PRGHODQGWKHSDUDPHWHUVZLWKWKHEHVWUHVXOWORZHVW665DUHUHSRUWHG
5HVXOWV
7DEOHVKRZVWKHDYHUDJHHUURUIRUGLIIHUHQWPRGHOVDIWHUSDUDPHWHUWXQLQJDQGHDFKORFDWLRQ$VLWLVH[SHFWHG
LQDOOKRXVHVWKHWKGHJUHHSRO\QRPLDOPRGHOOHDGVWRWKHPLQLPXPHUURU+RZHYHUWKHRUGHURIRWKHUPRGHOVLV
QRWIL[HG)RULQVWDQFHLQORFDWLRQ'LNNHEXVH[SRQHQWLDOPRGHOLVWKHZRUVWEXWLQ%UHFKWH[SRQHQWLDOLVRQHRIWKH
EHVWRQHV
 
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7DEOH%HVWVHWRISDUDPHWHUYDOXHVOHDGLQJWRPLQLPDOVXPRIVTXDUHVRIHUURUVIRUHDFKPRGHO
/RFDWLRQ 0RGHO (UURU  /RFDWLRQ 0RGHO (UURU
%UHFKW
/LQHDU  
/HPEEHHN
/LQHDU 
4XDGUDWLF   4XDGUDWLF 
UG'HJUHH   UG'HJUHH 
WK'HJUHH   WK'HJUHH 
5DWLRQDO   5DWLRQDO 
([SRQHQWLDO   ([SRQHQWLDO 
'LNNHEXV
/LQHDU 

0RUPRQW
/LQHDU 
4XDGUDWLF  4XDGUDWLF 
UG'HJUHH  UG'HJUHH 
WK'HJUHH  WK'HJUHH 
5DWLRQDO  5DWLRQDO 
([SRQHQWLDO  ([SRQHQWLDO 
.RROVNDPS
/LQHDU 
6FKLHUPRQQLNRRJ
/LQHDU 
4XDGUDWLF  4XDGUDWLF 
UG'HJUHH  UG'HJUHH 
WK'HJUHH  WK'HJUHH 
5DWLRQDO  5DWLRQDO 
([SRQHQWLDO  ([SRQHQWLDO 
/DDU
/LQHDU 
:LMQHJHP
/LQHDU 
4XDGUDWLF  4XDGUDWLF 
UG'HJUHH  UG'HJUHH 
WK'HJUHH  WK'HJUHH 
5DWLRQDO  5DWLRQDO 
([SRQHQWLDO  ([SRQHQWLDO 

$VDQH[DPSOH7DEOHVKRZVWKHWXQHGSDUDPHWHURIHDFKPRGHOIRUORFDWLRQ'LNNHEXVDQG)LJVKRZVWKH
UHVXOWLQJFXUYHVRIWKHVHPRGHOV
7REHDEOHWRKDYHDQRYHUYLHZRIWKHDFFXUDF\RIHDFKPRGHOWKHIROORZLQJEDUFKDUW)LJVKRZVWKHDYHUDJH
HUURURYHUDOOORFDWLRQVRIHDFKPRGHO
7DEOH%HVWVHWRISDUDPHWHUYDOXHVOHDGLQJWRPLQLPDOVXPRIVTXDUHVRIHUURUVIRUHDFKPRGHOLQORFDWLRQ'LNNHEXV
 0RGHO $ % & ' ( (UURU
'LNNHEXV
/LQHDU      
4XDGUDWLF      
UG'HJUHH      
WK'HJUHH    ( ( 
5DWLRQDO      
([SRQHQWLDO      

 
)LJ5HVXOWHGFXUYHVRIHDFKPRGHODIWHUVHWWLQJWKHSDUDPHWHUV
DFFRUGLQJWRWKHUHDOGDWDORFDWLRQ'LNNHEXV
)LJ$YHUDJHRIHUURUIRUGLIIHUHQWPRGHOV
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'LVFXVVLRQDQG)XWXUH:RUN
%HFDXVH RI WKH XQLTXH DELOLW\ RI KHDW SXPSV LQ WUDQVIHUULQJ WKH DYDLODEOH KHDWLQJ HQHUJ\ LQ WKH DPELHQW
HQYLURQPHQWLQWRWKHEXLOGLQJVWKH\DUHXVHGPRUHDQGPRUHLQKRXVHVDVWKHLUPDLQKHDWLQJV\VWHP%HFDXVHRIWKLV
SURSHUW\WKHSHUIRUPDQFHRIKHDWSXPSVLVXVXDOO\PXFKKLJKHUWKDQRWKHUFRPPRQKHDWLQJV\VWHPV$QLPSRUWDQW
FKDUDFWHULVWLFRIDLUWRZDWHUKHDWSXPSVLVWKDWWKHLUSHUIRUPDQFHGHSHQGVPXFKRQWKHRXWGRRUWHPSHUDWXUH
2QWKHRWKHUKDQGWRXVHWKHIXWXUHVPDUWSRZHUJULGVSUHGLFWLRQDERXWWKHDPRXQWRIHQHUJ\XVDJHLQGLIIHUHQW
VHFWRUV KDV DQ LPSRUWDQW UROH IRU WKH HIILFLHQF\ RI WKHZKROH JULG 7KHUHIRUH DV DPDWWHU RI IDFW E\ KDYLQJ DQ
DFFXUDWHPRGHOWRSUHGLFWWKHSHUIRUPDQFHRIWKHKHDWSXPSLWLVPRUHSRVVLEOHWRHVWLPDWHLWVHQHUJ\XVDJHLQIXWXUH
KRXUVRUGD\V0RUHRYHULWZLOOEHSRVVLEOHWRFRQWUROWKHKHDWLQJV\VWHPPRUHVPDUWO\
,QWKLVSDSHUZHKDYHH[SODLQHGDERXWGLIIHUHQWFRPSXWDWLRQDOPRGHOVIRUWKHSHUIRUPDQFHRIVXFKKHDWSXPSV
GHSHQGLQJRQRXWGRRUWHPSHUDWXUH'LIIHUHQWPRGHOVKDYHEHHQDQDO\]HGDQGHYDOXDWHGDJDLQVWDQH[WHQVLYHGDWDVHW
7KHUHDUHVRPHGLIIHUHQFHV LQ WKHUHVXOWLQJHUURUV,QJHQHUDO WKHIRXUWKGHJUHHSRO\QRPLDOPRGHOVKRZV WKHEHVW
UHVXOWVIROORZHGE\WKHFXELFPRGHO%\ORRNLQJDW)LJLWLVFOHDUWKDWLQFUHDVLQJWKHFRPSOH[LW\RIPRGHOIURP
FXELFWRDWKGHJUHHSRO\QRPLDOMXVWKDVDVPDOOHIIHFWRQWKHHUURU2QWKHRWKHUKDQGHYHQWKLVVPDOOLPSURYHPHQW
LQWKHHUURUPD\EHEHFDXVHRIRYHUILWWLQJRIWKHPRGHOWRWKHGDWD6RDVDQH[WVWHSWUDLQLQJGDWDFDQEHVHSDUDWHG
IURP GDWD LQ WHVW VHW $QG E\ XVLQJ WKH WHFKQLTXHV OLNH FURVV YDOLGDWLRQ ZH FDQ ILQG WKH RSWLPXP SRO\QRPLDO
IXQFWLRQZKLFKOHDGVWRPLQLPXPHUURUEXWQRWZLWKWKHSRVVLELOLW\RIDQRYHUILWWLQJSUREOHP
0RUHRYHULQIXWXUHZRUNWKHHIIHFWRIWKHKXPLGLW\RQWKHSHUIRUPDQFHRIKHDWSXPSZLOOEHDQDO\]HGDQGDOVR
WKHDYHUDJHDQGYDULDQFHRIDPRXQWRIXVDJHLQGLIIHUHQWWHPSHUDWXUHVZLOOEHLQYHVWLJDWHG
&RQFOXVLRQ
,Q WKLV SDSHU GLIIHUHQW FRPSXWDWLRQDO PRGHOV IRU WKH SHUIRUPDQFH RI D KHDW SXPS GHSHQGLQJ RQ RXWGRRU
WHPSHUDWXUH KDYH EHHQ DVVHVVHG EDVHG RQ D ODUJH GDWDVHW 7KH RXWFRPH LV WKDW RYHUDOO WKH TXDGUDWLF DQG KLJKHU
WKLUG DQG IRXUWK GHJUHH RUGHU SRO\QRPLDOPRGHOV SURYLGH WKHPRVW DFFXUDWH UHVXOWV VHH)LJ  WKH\ DUHPXFK
PRUH DFFXUDWH WKDQ WKH RIWHQXVHG OLQHDUPRGHO +RZHYHU IRU VSHFLILF FDVHV RWKHU W\SHV RI PRGHOV FDQ DOVR EH
DOPRVWDVDFFXUDWHVHH7DEOHIRUH[DPSOHWKHH[SRQHQWLDOPRGHORUWKHEURNHQUDWLRQDOPRGHO
5HIHUHQFHV
>@ /HFNQHU 0 =PHXUHDQX 5 /LIH F\FOH FRVW DQG HQHUJ\ DQDO\VLV RI D 1HW =HUR (QHUJ\ +RXVH ZLWK VRODU FRPELV\VWHP $SSO (QHUJ\
±
>@ 6DUWRUL,1DSROLWDQR$9RVV.1HW]HURHQHUJ\EXLOGLQJV$FRQVLVWHQWGHILQLWLRQIUDPHZRUN(QHUJ\%XLOG±
>@ &KXD.-&KRX6.<DQJ:0$GYDQFHVLQKHDWSXPSV\VWHPV$UHYLHZ$SSO(QHUJ\±
>@ +HSEDVOL$.DOLQFL<$UHYLHZRIKHDWSXPSZDWHUKHDWLQJV\VWHPV5HQHZ6XVWDLQ(QHUJ\5HY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